EFFECT OF URBANIZATION ON THE WATER RESOURCES OF

EASTERN CHESTER COUNTY, PENNSYLVANIA

By Ronald A. Sloto

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 87-4098

Prepared in cooperation with the

CHESTER COUNTY WATER RESOURCES AUTHORITY

Harrisburg, Pennsylvania

1987



DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report

write to: can be purchased from:

District Chief U. S. Geological Survey

U. S. Geological Survey Books and Open-File Reports Section
4th Floor, Federal Building Federal Center

P. 0. Box 1107 Box 25425

Harrisburg, Pennsylvania 17108-1107 Denver, Colorado 80225

ii



CONTENTS

Page

Abstract 1
Introduction 2
Purpose and scope 2
Location and physiography 3
Climate 5
Population 5
Land use 6
Well-numbering system 7
Previous investigations 8
Acknowledgments 8
Hydrogeologic setting 8
Triassic rocks - 12
Cambrian-Ordovician carbonate rocks 12
Precambrian and Lower Paleozoic crystalline rocks 16
Relation of urbanization to water use 16
Public water supplies 16
Sewer systems 19
Interbasin transfer of water 21
Effect of urbanization on water quantity 24
Effect of sewering 24
Effect of pumping high-capacity wells 31
Effect of quarry dewatering 34
Effect of urbanization on ground-water quality 39
Organic compounds 39
Volatile organic compounds 39

Acid compounds 48
Base-neutral compounds 48
Pesticides 48
Organochlorine insecticides 50
Organophosphorous insecticides 51

Triazine herbicides and alachlor 52

Organic-acid herbicides 52

Other organic compounds 53
Inorganic compounds 53
Metals and other trace constituents 53

Common ions and other determinations 62

pH 63

Total dissolved solids 64

Chloride 66

Nitrate 68

Sodium 72

Sulfate 73

Radionuclides 75
Effect of urbanization on surface-water quality 76
Organochlorine insecticides and PCB in stream—-bottom material —=--—— 76
Metals and other trace constituents 76
Inorganic constituents 79
Effect of urbanization on benthic-invertebrate indices 82
Summary 87
References cited 90

iii



Plate

Figure

11~

ILLUSTRATIONS

PLATES
[In pocket]
l.--Geologic map of eastern Chester County, Pennsylvania,
showing locations of selected wells and springs

2.--Water-table contour map of the carbonate rocks of eastern
Chester County, Pennsylvania, October 1983

ILLUSTRATIONS

l.--Map showing location of Chester County
2.--Map showing major drainage basins in eastern Chester
County
3.-=Graph showing population of seven eastern townships,
1900-80
4 ,--Map showing population density of municipalities, 1980 ————-
5.--Generalized geologic map
6.--Photograph showing collapse beneath State Route 29, 1 mile
north of U.S. Route 202
7.--Sketch showing formation of a sinkhole =
8.--Photograph showing sinkhole along Flat Road, 0.l mile west
of State Route 29
9.--Map showing areas served by public-water systems =—=—=——=—=———=-
10.--Map showing areas served by major sewer systems =—==—=—=====—=-
14,--Graphs showing relations among:
11,--Discharge from the Valley Forge Sewer Authority treat-
ment plant, water level observed in well CH-210, and
precipitation at Phoenixville, 1980-84
12,--Discharge from the West Goshen treatment plant, water
distributed by the Great Valley Division of the
Philadelphia Suburban Water Company, and level of
the water table observed in well CH-1387, 1980-84 —=—==——-
13.--Wastewater flow from Malvern Borough, water distributed
by Malvern Borough, and level of the water table
observed in well CH-2521, 1982-84
14.--Discharge from the Phoenixville wastewater treatment
plant, water distributed by the Phoenixville water
system, the water level observed in well CH-1633,
and precipitation at Phoenixville, 1980-84
15.~-Map showing streamflow measurement sites on Valley Creek =---
16.~-Hydrographs of five wells in the carbonate rocks of Chester

Page

O O N

13
14

15
17
20

26

27

29

30
32

Valley, January 1984 to September 1985

iv

36



ILLUSTRATIONS=~Continued

Page
Figures 17-22.--Maps showing:
17,--Discharge measurement sites below the Cedar Hollow
Quarry, June 27, 1984 37
18,--Sampling locations for volatile organic compounds in the
vicinity of active quarries in Chester Valley =====——— 42

19.--Concentrations of total volatile organic compounds in
water in the vicinity of active quarries in Chester
Valley 44
20,--Concentration of 1l,2-trans—dichloroethylene and
1,1,1-trichloroethane in water in the vicinity of

active quarries in Chester Valley 46
21.--Concentrations of trichloroethylene in water in the
vicinity of active quarries in Chester Valley =—————-- 47

22.--Concentration of boron and lithium in ground water
and surface water near Planebrook, June to
September 1984 57
23-25.--Graphs showing:
23.--Concentration of dissolved lithium in Valley Creek at

Mill Lane, March to December 1984 58
24,--Relation between concentration of dissolved lithium
and discharge for Valley Creek at Mill Lane —==———==-- 59
25.--Relation between concentrations of dissolved boron
and lithium for Valley Creek at Mill Lane ==—=—=—————- 59
26.—--Map showing sites sampled for dissolved boron and lithium
on Valley Creek 60

27-28.--Graphs showing:
27.--Fluctuation of pH in water from six wells sampled
monthly from December 1983 to December 1984 —=—=rm—=——-- 64
28.==Fluctuation of total dissolved-solids concentration in
water from six wells sampled monthly from
December 1983 to December 1984 65
29-30.--Graphs showing:
29.--Relation between total dissolved—-solids concentration
and depth to water for well CH-1973 66
30.--Fluctuation of chloride concentration in water from six
wells sampled monthly from December 1983 to December

1984 67
31.--Map showing chloride concentration in ground water near
the Pennsylvania Turnpike and State Route 29 69

32-34.--Graphs showing:
32,--Fluctuation of nitrate concentration in water from six
wells sampled monthly from December 1983 to December
1984 71
33.=-Fluctuation of sodium concentration in water from six
wells sampled quarterly from December 1983 to December
1984 72
34,--Fluctuation of sulfate concentration in water from six

wells sampled quarterly from December 1983 to December
1984 74




ILLUSTRATIONS=-=Continued

Figures 35-37.~-Maps showing:

Table

35.,~-Sampling sites for organochlorine insecticides and PCB
in stream-bottom material =~
36.--Chemical and biological surface-water-sampling sites ——-
37.--Surface-water sites sampled on Goose Creek,
October 22, 1982
38-41.--Graphs showing:
38.~-Kendall slope estimator for trend in diversity index at
biological sampling sites Bl, B20, B24, and B50 —=——-
39.--Diversity indices for biological sampling sites Bl, B20,
B24, and B50 for 1970-80
40,~-Minimum, maximum, and mean diversity index for 25
biological sampling sites, 1970-80
41.~-Diversity index at site B49 on Little Valley Creek and
site B50 on Valley Creek, 1973-84

TABLES

l.~~Major drainage basins in eastern Chester County ====—==—-
2.~-Land use for municipalities in eastern Chester County,
1970 and 1980 2
3.-~Hydrologic characteristics of the water-bearing units in
eastern Chester County
4,--Public water systems in eastern Chester County ===—==—=———
5.~~Major sewer systems in eastern Chester County ==—====—=——
6.~~Estimated net interbasin transfer of water, 1984 ——=w=m-
7.~-Streamflow measurements on Valley Creek, July 1, 1985 —
8.~-Discharge measurements made below the Cedar Hollow
Quarry, June 27, 1985
9.~-Frequency of occurrence of volatile organic compounds in
ground water
10,~~Volatile organic compounds detected in ground water —-—--
11.~-Concentrations of volatile organic compounds in ground
water and surface water in the vicinity of active
quarries in Chester Valley

12,~=Acid organic compounds analyzed in ground water =————-=—-
13.~--Base-neutral organic compounds analyzed in ground
water

14.,~~The 10 most used insecticides and herbicides on crops
in Pennsylvania
15.--Organochlorine insecticides analyzed and detected in
ground water
16.~~Federal mandatory and recommended limits for selected
constituents in drinking water
17.-=Summary of concentrations of metals and other trace
constituents in ground water
18.--Concentrations of dissolved boron and lithium in Valley
Creek at Mill Lane

vi

Page

77
78

81

84
84
86

86

10
18
19
22
34
38
40
41
43
48
49
49
50
55
56

58



TABLES——Continued
Page

Table 19.--Concentrations of dissolved boron and lithium in Valley
Creek, October 10-12, 1984 and March 13, 1985 =—=————= 61l
20.--Wells sampled monthly and quarterly for selected
constituents 62
21.--Summary of monthly fluctuations in concentrations of
selected constituents in water from six wells,
December 1983 to December 1984 63

22 ,~-Summary of quarterly fluctuations in concentrations of
selected constituents from six wells, December 1983 to

December 1984 63
23.--Chloride concentrations in ground water near the
Pennsylvania Turnpike and State Route 29 70

24 ,--Chemical analyses of stream—bottom material for
organochlorine insecticides and PCB from selected
streams 78
25.,--Concentrations of selected dissolved constituents at
four sites in the Goose Creek basin, October 22,

1982 80
26.--Land-use changes in 10 selected subbasins 85
27.--Valley Creek streamflow measurements, October 11-18,

1984 95
28.--Chemical analyses of volatile organic compounds =—=——=-=—- 102

29.--Chemical analyses of polychlorinated biphenyls,
polychlorinated napthalenes, phenols, and organic

carbon in ground water - 110
30.~--Chemical analyses of metals and other trace constituents

in ground water 112
31.--Chemical analyses of selected common ions in ground

water 120

vii



CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may prefer to use metric
(International System) units rather than the inch=-pound units used in this
report, values may be converted by using the following factors:

Multiply inch—-pound unit By
inch (in.) 25.4
foot (ft) 0.3048
mile (mi) 1.609
square mile (mi2) 2.590
gallon (gal) 3.785
0.003785
million gallons (Mgal) 3,785
gallon per minute (gal/min) 0.06309
0.00006309
million gallons per day 0.04381
(Mgal/d)
million gallons per 1,461
square mile (Mgal/mi2)
million gallons per day 0.0169
per square mile
[(Mgal/d)/mi2]
cubic foot per second 0.02832
(ft3/s)
cubic foot per second 0.01093

per square mile
[(ft3/s)/mi2]

To obtain metric unit

millimeter (mm)

meter (m)

kilometer (km)

square kilometer (kmZ)

liter (L)
cubic meter (m3)

cubic meter (m3)

liter per second (L/s)
cubic meter per second (m3/s)

cubic meter per second (m3/s)

cubic meter per square
kilometer (m3/km2)

cubic meter per second per
square kilometer [(m3/s)/km2]

cubic meter per second (m3/s)

cubic meter per second per
square kilometer [(m3/s)/km2]

Sea level: In this report "sea level" refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada, formerly

called "Mean Sea Level of 1929."
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EFFECT OF URBANIZATION ON THE WATER RESOURCES OF
EASTERN CHESTER COUNTY, PENNSYLVANIA

by Ronald A. Sloto

ABSTRACT

The effects of human activity on the water resources of a 207-square-mile
area of eastern Chester County was evaluated. The most serious consequence of
urbanization is the contamination of ground water by volatile organic compounds,
which were detected in 39 percent of the 70 wells sampled. As many as nine com—
pounds were found in one water sample, and the concentration of total volatile
organic compounds was as high as 17,400 ug/L (micrograms per liter). In the
Chester Valley, volatile organic compounds are moving down the hydraulic gra=-
dient caused by quarry dewatering. Movement through the quarries reduces con-
centrations of these compounds and removes most of them. Phenol was detected in
28 percent of 54 wells sampled, with concentrations up to 7 ug/L.

Metals, except for iron and manganese, and other trace constituents
generally are not a water—quality problem. However, ground water in an area
in Chester Valley has been contaminated by concentrations of boron as high as
20,000 pg/L and lithium as high as 13,000 ug/L. The ground water discharges
to Valley Creek, where concentrations of boron are as high as 130 ug/L and
lithium as high as 800 ug/L.

Concentrations of chloride as high as 2,100 mg/L (milligrams per liter)
were found in a well at a former highway salt storage site. Wells completed
in carbonate rock downgradient from the Pennsylvania Turnpike had chloride
concentrations as high as 350 mg/L.

The base-neutral organic compounds bis(2-ethylhexyl) phthalate,
di-n-butyl phthalate, and 1,2-dichlorobenzene, and the pesticides alachlor,
aldrin, diazanon, DDD, DDT, dieldrin, methyl parathion, picloram, and 2,4-D
were detected in a few water samples in low concentrations. However, these
organic compounds do not present a widespread water—quality problem. Neither
acid organic compounds nor polychlorinated napthalenes (PCN) were detected in
ground water.

The growth of public water and sewer systems has resulted in a signifi-
cant interbasin transfer of water. Estimates for 1984 range from a net loss
of 630 million gallons in the Valley Creek basin to a net gain of 783 million
gallons in the Chester Creek basin. The quantity of wastewater discharged
from treatment plants generally correlates well with the altitude of the water
table and poorly with water use or precipitation, indicating substantial
ground-water infiltration. Estimated ground-water infiltration to the West
Goshen treatment plant for 1980-84 was 0.8 cubic feet per square mile, or 10
percent of the long—~term average flow of Chester Creek. Estimated ground-
water infiltration to the Valley Forge sewer system was as high as 4.9 million
gallons per day.



Dewatering operations at two active quarries in Chester Valley have
lowered water levels locally and increased the range of fluctuation of the
local water table. The spread of the cones of depression caused by quarry
pumping is limited by geologic and hydrologic controls. Pumping of high-
capacity wells in Chester Valley has caused small local cones of depression and
may have caused some reaches of Valley Creek or its tributaries to lose water.

One of the greatest effects of human activity on the surface-water system
has been the accumulation of organic compounds, particularly PCB and pesticides,
on stream—bottom material. PCB, DDE, and dieldrin were found in bottom material
from all eight streams sampled.

Land-use changes in 10 selected subbasins were quantified and related
to stream—benthic invertebrate diversity index. From 1970-80, the diversity
index increased at all sites. Subbasins that had a greater change in land
use had a greater increase in diversity index. The increase may be due to
the banning of certain pesticides such as DDT, a decreasing use of pesticides
in urbanizing subbasins, or flushing or burial of older pesticide-contaminated
sediment.

INTRODUCTION

Rapid and continuing urbanization of eastern Chester County, Pennsylvania,
has affected the water resources, particularly ground-water quality.
Approximately 62 percent of the population depends on ground water as a source
of supply. These supplies are being threatened by chemical contamination,
especially volatile organic compounds. Wastewater, which once recharged the
ground-water system through septic systems, is now commonly exported by sewers

from basins where it was pumped, resulting in substantial interbasin transfer of
water.

Purpose and Scope

This report presents the results of a study to determine the effect of
urbanization in eastern Chester County on the quality and quantity of ground
water and low streamflow. The study was done by the U.S. Geological Survey in
cooperation with the Chester County Water Resources Authority.

The report describes the impact of public-water withdrawals, quarry de-
watering, and sewering on ground water and surface water. The effects of agri-
cultural, residential, and industrial development on ground-water and
surface-water quality are described, especially contamination of the water
resources by metals, pesticides, and organic compounds.

Much of the emphasis of this report is on the east-central part of the
study area, particularly Chester Valley. This rapidly growing area is the
most densely populated and highly industrialized part of the study area, and
it is here that the effects of urbanization are most pronounced. This area
is underlain by the most productive and most vulnerable aquifers in the
county. A large part of eastern Chester County is still mostly rural, and the
effect of urbanization has been less in the rural areas than in the more
rapidly—-growing areas.



Location and Physiography

Chester County is in southeastern Pennsylvania, west of Philadelphia
(fig. 1). The 207-mi2 (square mile) study area is the eastern part of Chester
County drained by Pigeon Creek, Stony Run, French Creek, Pickering Creek,
Valley Creek, Trout Run, Darby Creek, Crum Creek, Ridley Creek, and Chester
Creek (fig. 2). Table 1 gives the drainage area of each basin. All of these

streams, except French Creek, have their headwaters entirely within Chester
County.

Most of Chester County lies within the Piedmont Physiographic Province
of the Appalachian Highlands. This area is characterized by uplands formed
of hard crystalline rocks that have been shaped into rolling hills. The highest
point, 982 feet above sea level, is in the uplands of the northwest part of the
study area. The uplands slope gently to the southeast. The uplands are divided
by Chester Valley, which is underlain by carbonate rock, and trends northwest
across the middle of the county.

The Triassic Lowlands border the Schuylkill River in the northeastern
part of the county. These lowlands were formed by erosion of sandstone and
shale, which are less resistant than the crystalline rocks of the uplands. The
lowest point, 66 feet above sea level, is on the east edge of the lowlands,
where the Schuylkill River leaves the county.
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Table l.--Major drainage basins in eastern Chester County
[Population figures rounded to nearest 100; mi2, square miles]
Drainage area Estimated
in Chesteg County Tributary population
Basin (mi®) to (Chester County only)
Pigeon Creek 14.5 Schuylkill River 13,900
Stony Run 5.6 Schuylkill River '1,500
French Creek 6l.1 Schuylkill River 217,700
Pickering Creek 38.8 Schuylkill River 293, 400
Valley Creek 23.4 Schuylkill River 215,600
Trout Run 6.2 Schuylkill River 212,700
Darby Creek 6.7 Delaware River 212,400
Crum Creek 12.9 Delaware River 28,600
Ridley Creek 17.4 Delaware River 28,600
Chester Creek 20. 6 Delaware River 27,600
Total 207.0 202,000

11977 population

from Reith and others (1979)
21980 population from Chester County Planning Commission (1982b)

31977 population from Reith and others (1978)
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Climate

The climate in Chester County is characterized by warm summers and moder-—
ately cold winters. The normal annual temperature (1951-80) at Phoenixville is
53.1°F (11.7°C) (National Oceanic and Atmospheric Administration, 1982). The
normal temperature for January, the coldest month, is 30.1°F (-1.1°C), and the
normal temperature for July, the warmest month, is 74.9°F (23.8°C). The average
annual precipitation, at Phoenixville for 76 years of record (1890-95, 1913-84),
is 44.10 inches. The minimum annual precipitation, 31.10 inches, occurred in
1963; the maximum annual precipitation, 59.55 inches, occurred in 1979. The
1951-80 normal precipitation is 43.55 inches. Precipitation is generally distri-
buted evenly throughout the year.

Population

The population of Chester County doubled between 1950 and 1980; it
increased 14 percent between 1970 and 1980. Over half of this l4-percent
increase was due to migration into the county, and as a result, the numerical
increase in housing units was greater than in any previous decade. Most of the
new housing is near the Route 30 and Route 202 corridors. The three municipali-
ties with the greatest increase in housing units for 1970-80 are East Goshen
(2,414 new units), Tredyffrin (1,798 new units) and West Goshen (1,730 new
units). East Goshen Township also had the highest percentage increase (158 per-—
cent) in housing units (Chester County Planning Commission, 1983). The increase
in population for the seven most urbanized townships in eastern Chester County
for 1900-80 is shown in figure 3. Population density is shown in figure 4.
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Land Use

Land-use classifications were taken from maps prepared by the DVRPC

(Delaware Valley Regional Planning Commission).

The four land-use classifica-

tions used in this report are combinations of the 12 categories mapped by DVRPC.
Residential land use combines DVRPC's single family detached and multiple unit

(duplex and row houses, apartments, and mobile homes) categories.

Industrial

land use combines DVRPC's manufacturing and mining (quarries) categories.
Commercial land use combines DVRPC's commercial (wholesale and retail trade,
business and professional services, and hotels and motels), community services
(health, educational, governmental, and religious facilities), transportation

(rail, air, and highway transportation and parking lots), and communications and
Agricultural and open space land use combines DVRPC's

utilities categories.

agricultural (crops, pastures, and orchards), forest and undeveloped (woodlands,
vacant land, and marshes), water areas, and recreational and cultural (parks,

playgrounds, and golf courses) categories.



Land-use data for 1970 and 1980 (Delaware Valley Regional Planning
The predominant land use is agri-

Commission, 1984) are given in table 2.
cultural and open space.

However, acreage devoted to
In 1970, 73

is decreasing as urbanization continues.

classified as agricultural and open space, 16 percent
as commercial, and 1 percent as industrial.
classified as agricultural and open space, 19 percent
as commercial, and 1l percent as industrial.

open space, 26 percent as residential, 14 percent as commercial, and 1 percent
In 1980, 50 percent of the land was classified as agricultural
and open space, 31 percent as residential, 17 percent as commercial, and 2 per-

as industrial.

cent as industrial.

In 1980,

agriculture and open space
percent of the land was

as residential,
69 percent of the land was
as residential,

10 percent

11 percent

In the seven most urbanized
townships in 1970, 59 percent of the land was classified as agricultural and

Table 2.~-Land use for municipalities in eastern Chester County, 1970 and 1980
Land use is given in acres
[Data from Delaware Valley Regional Planning Commission (1984)]

Residential Industrial Commercial Agricultural and open space

Municipality 1970 1980 1970 1980 1970 1980 1970 1980
Charlestown 777 907 37 55 454 502 6,668 6,477
East Coventry 879 1,089 13 13 326 382 5,723 5,461
East Goshen 1,254 1,925 5 5 391 869 4,892 3,748
East Nantmeal 347 387 0 0 251 263 9,937 9,889
East Pikeland 769 822 27 27 417 456 4,507 4,420
Easttown 2,001 2,150 7 7 736 780 2,554 2,365
East Vincent 757 835 8 9 826 849 7,167 7,069
East Whiteland 1,129 1,422 396 505 1,723 1,932 3,770 3,165
Malvern Borough 189 209 20 21 181 192 424 397
North Coventry 1,261 1,466 40 40 510 568 6,777 6,519
Phoenixville Borough 688 702 142 143 566 572 1,068 1,052
Schuylkill 1,270 1,417 33 34 880 924 3,561 3,373
South Coventry 487 497 12 13 221 227 4,149 4,136
Spring City 223 234 28 91 97 97 178 166
Thornbury 355 549 0 6 265 361 1,907 1,615
Tredyffrin 4,228 4,917 100 191 2,404 2,994 6,009 4,641
Uwchlan 1,061 1,638 46 a7 408 689 5,183 4,328
Warwick 621 750 29 29 1,334 1,369 10,311 10,152
West Chester Borough 550 569 64 76 459 473 102 62
West Goshen 2,013 2,463 70 160 1,375 1,605 4,287 3,522
West Pikeland 332 431 40 41 192 219 5,816 5,692
Westtown 1,353 1,873 1 2 318 486 3,914 3,229
West Vincent 701 723 11 11 266 273 10,294 10,270
Willistown 2,575 2,769 13 14 936 1,004 8,226 7,968
Total 25,820 30,744 1,142 1,477 15,530 18,086 117,424 109,716

Well-Numbering System

The well-numbering system used in this report is a county abbreviation

followed by a sequentially assigned number.

Chester County. The prefix CH-SP- denotes a spring in Chester County.

Locations of selected wells and springs are shown on plate 1.

in this study or wells in the study area that were not used for data analysis
in this report.

The prefix CH- stands for

Missing num—
bers are those assigned to wells in the part of Chester County not included



Previous Investigations

Hall (1934) briefly described the water-bearing characteristics of the
geologic formations of southeastern Pennsylvania. A detailed investigation
of the hydrology of central Chester County was conducted by Poth (1968).
McGreevy and Sloto (1976 and 1977) described the ground-water resources of
Chester County. Ground-water occurrence in the Triassic rocks of northern
Chester County was described by Rima and others (1962), Longwill and Wood
(1965), and Wood (1980). McGreevy and Sloto (1980) used a digital model to
simulate ground-water flow in the Pickering Creek basin.

Water resources on a basinwide scale were described by Parker and others
(1964) for the Delaware River basin and by Biesecker and others (1968) for the
Schuylkill River basin.

Miller and others (1971) discussed the hydrology of the Pickering Creek
basin. Lium (1976 and 1977) discussed the limnology of the major streams in
Chester County. Moore (1987) described biological monitoring of stream-water
quality in Chester County.

The geology of eastern Chester County was mapped and described by
Bascom and others (1909) and Bascom and Stose (1932 and 1938). Geological
quadrangle maps for Chester County were published by the Chester County
Planning Commission (1973) and Berg and Dodge (1981). Stratigraphic correla-
tions were given by Berg and others (1986).
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HYDROGEOLOGIC SETTING

The bedrock units of eastern Chester County can be divided into three
general groups: (1) Precambrian to lower Paleozoic crystalline rocks; (2)
Cambrian and Ordovician carbonate rocks; and (3) Triassic sedimentary and
igneous rocks. The occurrence of these general groups is shown on figure 5.
Except for slight modifications, the terminology used for the geologic units in
this report are those of the Pennsylvania Topographic and Geologic Survey (Berg
and Dodge, 1981; Wood, 1980). Ages of geologic units are from Berg and others
(1986). The nomenclature does not necessarily follow the usage of the U.S.
Geological Survey. A description of each rock unit is given on plate 1.
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Figure 5.—Generalized geologic map.

The bedrock is generally deeply weathered, and a zone of unconsolidated
weathered rock covers most of the area. Minor alluvial deposits are present

locally, but, in this report, they are not distinguished from the unconsoli-
dated weathered rock.

The geologic structure consists of a series of extremely complicated
anticlines and synclines that trend northeast, approximately parallel to
Chester Valley. Major faults also trend northeast and may be normal,
reverse, or thrust. Minor normal faults generally trend north or northeast.
Triassic sedimentary rocks unconformably overlie older rocks in the northern

part of the county. They generally strike east to southeast and dip north
10° to 20°.

Hydrologic data are presented for each geologic unit in table 3. The
water—quality characteristics given in table 3 are taken from McGreevy and
Sloto (1977, p. 46-47). Yield data include all wells in Chester County in
the given formation.
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Triassic Rocks

Triassic sedimentary and igneous rocks of the Newark Supergroup occur in
northern Chester County along the Schuylkill River (fig. 5). The principal for-
mations are the Hammer Creek, Lockatong, and Stockton Formations (plate l). The
Hammer Creek Formation includes a major interbedded quartz pebble conglomerate,
for which separate hydrologic data are available. Diabase occurs as intruded
dikes and sills. Hydrologic characteristics for the Triassic formations are
given in table 3.

In the Triassic sedimentary rocks, most ground water occurs and moves
through a network of interconnecting secondary openings, such as bedding
planes, joints, and fractures. Some water may move through pores in the rock
where the cement has been removed and the permeability has increased. At
depth, water is often confined under pressure greater than atmospheric. This
confinement is caused by vertical changes in permeability that result from
the cementing material in some zones being less susceptible to removal by
solution, gradations in the textures of the sediments, and varying degrees
of fracturing (Greenman, 1955, p. 28). If the hydrostatic pressure is suf-
ficient, the well will flow at the surface. Water levels in deep wells
respond to changes in pressure; most deep wells penetrate several major
water—bearing zones and are thus multiaquifer wells. Each zone may have a
different hydraulic head. The hydraulic head in a deep well is the composite
head of the several water—bearing zones it penetrates. Where differences in
hydraulic head exist between water-bearing zones, water in the well under
nonpumping conditions flows in the direction of decreasing head.

Cambrian—-Ordovician Carbonate Rocks

Chester Valley, which cuts through the center of the county, is under-
lain by Cambrian and Ordovician limestones and dolomites (fig. 5). The prin-
cipal formations are the Cambrian Ledger and Elbrook Formations and the Cambrian
and Ordovican Conestoga Formation (plate 1). The Cambrian Vintage and Kinzers
Formations also occur locally, but they are of limited areal extent. Hydrologic
characteristics of the carbonate rocks are given in table 3.

In carbonate rock, ground water occurs in and moves through a network
of interconnecting joints, fractures, and bedding planes, -some of which may
be enlarged by solution. Permeability of carbonate rock is predominately
the result of solution. Where solution has been active, permeability may
be high; elsewhere, the same unit may be nearly impermeable. Water in car-
bonate rock is generally under water—table conditions, but confined ground-
water conditions may exist locally. Because acidic precipitation dissolves
carbonate rock, water from wells is generally hard and high in dissolved
solids.

Carbonate rock is generally more susceptible to ground-water con-
tamination than most other rock terranes because of the formation of solution
channels. Solution causes enlargement of openings along the more direct flow
paths creating channels for the movement of contaminants. When a contaminant
enters a solution channel, it may move a great distance in a short time toward
a point of discharge. Ground-water and surface-water divides commonly do not
coincide in carbonate-rock terranes, so that contaminates in solution channels

may move rapidly beneath surface-water divides.
12



































































































Quarry from the north, and was not present or was below the detection limit
in discharge from the quarry. Chloroform was not detected in water samples
from the other sites.

Tetrachloroethylene was detected at a concentration of 1,200 ug/L in
water from well CH-2672, 1Inflow to the Catanach Quarry from the north con-
tained a concentration of 25 ug/L. Tetrachloroethylene was not present or
was below the detection limit in discharge from the quarry, but was detected
at a concentration of 5.1 ug/L in water from well CH-2606 between the
quarries. It was not detected in inflow to or discharge from the Cedar
Hollow Quarry.

1,2-trans-dichloroethylene was detected at a concentration of 560 ug/L in
water from well CH-2672. 1Inflow to the Catanach Quarry from the north had a
concentration of 140 upg/L; discharge from the quarry had a concentration of
24 ug/L (fig. 20). Water from well CH-2606 between the quarries had a con-
centration of 15 ug/L. Inflow to the Cedar Hollow Quarry from the south had a
concentration of 25 ug/L; 1,2-trans-dichloroethylene was not present or was
below the detection limit in the discharge from the Quarry.

1,1,1-trichloroethane was detected at a concentration of 5,400 ug/L in
water from well CH-2672., Inflow to the Catanach Quarry from the north had a
concentration of 300 ug/L; discharge from the quarry had a concentration
of 37 ug/L (fig. 20). Water from well CH-2606 between the quarries had a con-
centration of 34 ug/L. Inflow to the Cedar Hollow Quarry from the north had a
concentration of 11 ug/L; 1,1,l-trichloroethane was not present or was below
the detection limit in discharge from the quarry.

Trichloroethylene was the only VOC detected at every sampling site
(fig. 21). Water from well CH-2672 had a trichloroethylene concentration of
4,400 ug/L. Inflow to the Catanach Quarry from the north had a concentration
of 200 ug/L, and inflow from the south had a concentration of 11 ug/L. ,
Discharge from the quarry had a concentration of 30 pg/L. Water from well
CH-2606 between the quarries had a concentration of 24 ug/L. Inflow to the
Cedar Hollow Quarry from the south had a concentration of 98 ug/L and inflow
from the north had a concentration of 21 ug/L. Discharge from the quarry had
a concentration of 24 ug/L. Water from the tributary to Valley Creek below
the Cedar Hollow Quarry settling pond had a concentration of 19 ug/L. The
reason for high concentrations of trichloroethylene in water from two wells
on opposite sides of Valley Creek east of the quarries (CH-2136 and CH-2676) is
unknown. Trichloroethylene is the most prevelant VOC in the vicinity of the
quarries because: (1) it has a high concentration at well CH-2672; (2) it is
relatively dense compared to the other VOCs; and (3) it is introduced to the
subsurface from multiple sources.

Generally, occurrence of VOCs in the vicinity of the quarries appears
related to the concentration at well CH-2672 and the density of the compound.
The higher the concentration at well CH-2672 and the denser the compound, the
more likely it is to be detected in the vicinity of the quarries.
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Figure 20.--Concentration of 1,2-trans-dichloroethylene and 1,1,1-trichloroethane
in water in the vicinity of active quarries in Chester Valley.
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Figure 21.--Concentrations of trichloroethylene in water in the vicinity of active
quarries in Chester Valley.

47



Acid Compounds

From 1982-85, water from five wells (CH-2046, 2444, 2469, 2672, and 2801)
was analyzed for compounds in the acid fraction listed in table 12. The detec—~
tion limit was 1.0 ug/L. None of these compounds were detected. In five water
samples from four wells in other parts of Chester County not included in this
study, 4-chloro-3-methylphenol was detected in one water sample.

Table 12.--Acid organic compounds analyzed in ground water

4-Chloro=-3-methylphenol 2-Nitrophenol
2=Chlorophenol 4-Nitrophenol
2,4-Dichlorophenol Pentachlorophenol
2,4=-Dimethylphenol Phenol
4,6-Dinitro-2-methylphenol 2,4,6-Trichlorophenol
2,4-Dinitrophenol

Base-Neutral Compounds

Sixteen water samples from 15 wells were analyzed for the 46 base-neutral
compounds in table 13. Not all compounds were analyzed for all water samples.
Water samples from two wells contained base-neutral compounds. Three compounds
were detected in low concentrations. One water sample from well CH-2046 con-
tained the phthalate esters bis(2-ethylhexyl) phthalate (2 ug/L) and di-n-butyl
phthalate (2 ug/L). This well is in an industrial area. One water sample from
well CH-2411 contained the noncyclic chlorinated aromatic compound
1,2-dichlorobenzene at the detection limit of 1 ug/L.

Eight water samples from seven wells in other parts of Chester County not
included in this study were analyzed for base-neutral compounds. In addition
to the phthalate esters listed above, acenaphene, diethyl phthalate, dimethyl
phthalate, isophorone, napohalene, and nitrobenzene were detected.

Pesticides

Pesticides are widely used in both rural and urban areas of Chester
County. Pesticides are divided into insecticides and herbicides based on
use. Insecticides are widely used in agricultural areas to control crop-
damaging pests and in urban areas to control household and garden pests.
Herbicides are used to eradicate weeds that compete with crops in agriculture
and home gardens. They are also used to control broad-leaf weeds on lawns
and turf, and to defoliate utility, railroad, and highway rights—of-way.
Table 14 lists the insecticides and herbicides most commonly used on crops in
Pennsylvania, according to a pesticide use survey conducted by Hartwig and
others (1980, p. 8-9). Sampling for herbicides generally was biased towards
areas where herbicides were used. Most sampled wells were in or near
cropland, orchards, or golf courses.
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Table 13.--Base-neutral organic compounds analyzed in ground water

Acenaphthene Dimethyl phthalate
Acenaphthylene 2,4-Dinitrotoluene
Anthracene 2,6-Dinitrotoluene
Benzidine Di-n-octylphthalate
Benzo(a)anthracene Bis(2-ethylhexyl)phthalate
Benzo(b)fluoranthene Fluoranthene
Benzo(k)fluoranthene Fluorene
Benzo(g,h,i)perylene Hexachlorobenzene
Benzo(a)pyrene Hexachlorobutadiene
4-Bromophenyl phenyl ether Hexachlorocyclopentadiene
Butyl benzyl phthalate Hexachloroethane
Bis(2-chloroethoxy)methane Indeno(1l,2,3-cd)pyrene
Bis(2-chloroethyl)ether Isophorone
Bis(2-chloroisopropyl)ether Naphthalene
2-Chloronaphthalene Nitrobenzene
4-Chlorophenyl phenyl ether n-Nitrosodimethylamine
Chrysene n-Nitrosodiphenylamine
Dibenzo(a,h)anthracene n-Nitrosodi-n-propylamine
Di-n-butyl phthalate Phenanthrene
1,2-Dichlorobenzene Pyrene
1,3-Dichlorobenzene 2,3,7,8-Tetrachlorodibenzo=p~dioxin
1,4-Dichlorobenzene 1,2,4-Trichlorobenzene

3,3-Dichlorobenzidine
Diethyl phthalate

Table l4.--The 10 most used insecticides and herbicides on crops in
Pennsylvania (from Hartwig and others, 1980, p. 8-9)

Pesticides are listed from most to least used

Insecticides Herbicides
Carbofuran Atrazine
Sevin Alachlor
Malathion Dicamba
Fonofos Cyanazine
Guthion Metolachlor
Toxaphene Paraqat
Diazanon 2,4,-D
Terbufox Simazine
Dimethoate Butylate
Methomyl Glyphosate
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Organochlorine insecticides

Organochlorine insecticides are insoluble in water, persistent in the
environment, and strongly bioaccumulated by many organisms. The use of many
of the organochlorine insecticides has been prohibited or restricted by the
USEPA. In Chester County, chlorodane, endrin, lindane, methoxychlor, and
toxaphene are commonly used by the mushroom industry. Methoxychlor and
toxaphene are also commonly used on crops. Chlorodane is used by licensed
commercial operators for subsurface termite control.

Fifty-six water samples from 48 wells were analyzed for organochlorine
insecticides. A summary of the compounds analyzed, compounds detected, and
range of concentrations are given in table 15. Four organochlorine insecticides
were found in concentrations above the detection limit: aldrin, DDD, DDT, and
dieldrin. Aldrin was detected in two water samples from well CH-2469, DDD and
DDT were detected in a water sample from well CH-2801. Dieldrin was detected in
three water samples from well CH-2469 in concentrations ranging from 0.32 to
0.40 pg/L, and in one water sample from well CH-2502 at a concentration of 0.02
ug/L.

Table 15.,--Organochlorine insecticides analyzed and detected in ground water
[A dash indicates compound was not detected; ug/L, micrograms
per liter]

Number of wells Number of samples
compound is compound is
present above present above Concentration
Compound detection limit detection limit (ug/L)

Aldrin
Chlorodane
DDD

DDE

DDT
Dieldrin
Endosulfan
Endrin
Heptachlor

0.070-.081

3.2
.610
.020-.400

Heptachlor Epoxide
Lindane
Methoxychlor
Mirex

Perthane

O O O O C O O OO N H=O - O +—
OO O 0O C O 0O &HO~=ODWN
]

]

1

Toxophene
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Aldrin and dieldrin have been used as contact insecticides to control
soil pests, termites, and many other pests. Most uses of aldrin and dieldrin
have been prohibited by the USEPA, and they are no longer manufactured in the
United States. Aldrin, however, is still used for subsurface termite control.

DDT is the common name for a mixture of compounds in which the main com-
ponent is 1,1,l-trichloro-2,2-bis (p-chlorophenyl) ethane. DDT is the best
known, as well as the first, of the organochlorine insecticides introduced to
agriculture. It was first synthesized in 1874, but its insecticidal proper-
ties were not discovered until 1939. It was patented in 1942 and introduced
in 1944 (O'Brien, 1967, p. 108). Most uses of DDT and DDD have been prohib-
ited by the USEPA. DDE and methoxychlor are analogs of DDT. Methoxychlor is
widely used and is registered for use on 87 crops, and for home and garden use.

In 72 water samples from 59 wells in other parts of Chester County not
included in this study, lindane was found in concentrations above the detec-
tion limit in three wells.

Organophosphorous insecticides

Organophosphorous insecticides have been used as substitutes for the
banned organochlorine insecticides because they are less persistent in the
environment and more selective in their targets. Parathion, produced in
1943, was the first organophosphorous compound available for crop protection.
Malathion, guthion, and diazanon are commonly used in Pennsylvania (table 14)
(Hartwig and others, 1980, p. 8-9). Malathion was introduced in 1950 as the
first organophosphorous insecticide with low mammalian toxicity (Flecher,
1974, p. 50-51). It is the most widely used orthophosphorous insecticide in
Pennsylvania and is used to control a wide variety of insects on a wide
variety of food and nonfood crops. Malathion and diazanon are widely used in
the mushroom industry (Tetrault and Wuest, 1979).

Fifteen water samples from ll wells were analyzed for organophosphorous
insecticides: diazanon, ethion, guthion, malathion, methyl parathion, methyl
trithion, parathion, and trithion. Two organophosphorous insecticides were
detected. Diazanon was detected at a concentration of 0.02 ug/L in water from
well CH-2469. Methyl parathion was detected at a concentration of 0.0l ug/L in
water from well CH-2502,

Diazanon is widely used in agriculture, homes, and gardens for insect
control. It is used to control soil insects; for many pests of fruits, vege-
tables, and forage crops; for cockroaches and other household insect pests; for
grubs and nematodes in turf; and for fly control. It is commonly used in
Chester County for control of the European corn borer, lawn—-damaging insects,
and on trees and shrubs. The well in which diazinon was detected is near an
apple orchard.

Methyl parathion is used for control of many insects of economic impor=—
tance. Its use as a pesticide in the United States is restricted.

No organophosphorous insecticides were detected in water samples from
nine wells in other parts of Chester County not included in this study.
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Triazine herbicides and alachlor

The triazine herbicides are mainly used for pre—emergence applications
on corn, soybeans, and other crops for control of grassy and broadleaf weeds.
They were discovered in 1952 and introduced in 1954. Atrazine, which is sold
under various commercial names, is the most widely used pesticide in
Pennsylvania (table 14) and the U.S. (Hartwig and others, 1980, p. 8-9). It
is commonly used to control weeds in corn, soybeans, and hay crops in Chester
County. Simazine is used primarily on alfalfa and hay fields and in apple
orchards. Atrazine, promotone, prometryne, propozine, and simazine have been
detected in base flow of streams in adjacent Lancaster County (Lietman and
others, 1983, p. 31-32).

Alachlor is an aetonilide herbicide introduced in 1969. It is a
pre—~emergent herbicide used to control annual grass and broadleaf weeds, pri-
marily in corn and soybeans. It is the second most—-used herbicide in
Pennsylvania (table 14) and is widely used in Chester County. Alachlor also
has been found in base flow of streams in adjacent Lancaster County (Lietman and
others, 1983, p. 31-32).

Water from seven wells and one spring was analyzed for the triazine
herbicides: ametryne, atrazine, cyanozine, prometone, prometryne, propazine,
simazine, and simetryne. Water from six wells and one spring was analyzed
for alachlor. One well (CH-2488) was in a cornfield and the other wells and
the spring were near and downgradient from cropland, primarily cornfields.
None of the triazine herbicides were detected. Alachlor, at g concentration
of 0.18 ug/L, was found in water from well CH-2488,

Water samples from five wells in other parts of Chester County not
included in this study were analyzed for triazine herbicides and alachlor.
Atrazine was detected in water from one well.

Organic—acid herbicides

Organic—-acid herbicides analyzed include the phenoxy=acid herbicides
silvex, 2,4,-D, 2,4-DP, and 2,4,5-T; the benzoic—acid herbicide dicamba; and
the substituted picolinic—acid compound picloram. Dicamba is the third most
used, and 2,4-D is the seventh most used herbicide in Pennsylvania (table 14).

Eleven water samples from nine wells and one spring were analyzed for
organic—acid herbicides. Picloram was detected at a concentration of 0.0l ug/L
in a water sample from well CH-207, which is close to a railway. Picloram is
often used for brush control along rights-of-way. 2,4-D was detected at a con-
centration of 0.12 ug/L in a water sample from well CH-1978, which is in a golf
course. The USEPA has set a maximum contaminant level of 100 ug/L for 2,4-D
(Office of the Federal Register, 1983, p. 234). 2,4-D was first introduced in
1945, It is a selective, post—emergent herbicide widely used to control
broadleaf weeds in corn, grains, pastureland, and turf. 2,4-D and dicamba are
extensively used in Chester County for control of perennial broadleaf weeds in
corn, grain, and turf. 2,4-D also is used as a defoliant along rights—-of-way.
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In water samples from six wells in other parts of Chester County not
included in this study, silvex, dicamba, and 2,4,5-T were detected in water
from a well in an apple orchard.

Other Organic Compounds

Fifty-two water samples from 51 wells were analyzed for gross polych-
lorinated biphenyls (PCB) and gross polychlorinated napthalene (PCN). Sixty-
eight water samples from 54 wells were analyzed for gross phenols. Chemical
analyses are given in table 29. PCN was not detected.

PCB was found at the detection limit (0.1 ug/L) in a water sample from
well CH-2136. However, a subsequent water sample from this well taken by the
Pennsylvania Department of Environmental Resources in 1981 did not show the pre-
sence of PCB (Shup, Marilyn, Pennsylvania Department of Environmental Resources,
written commun., 1982). Another water sample collected by the U.S. Geological
Survey in 1982 also did not show the presence of PCB. Because PCB is insoluble,
its presence in ground water is unlikely.

Phenol was detected in 15 wells or 28 percent of the wells sampled.
Concentrations of phenol ranged from less than 1 to 7 ug/L. Phenol is a poi-
sonous, caustic compound that is soluble in water. One gram of phenol will
dissolve in 15 milliliters of water. It is used as a general disinfectant, and
in the manufacture of resins, pharmaceuticals, and industrial organic compounds
(Windholtz and others, 1976, p. 941).

Water from 10 percent of 61 wells sampled in other parts of Chester
County not included in this study were found to contain phenol, with con-
centrations as high as 190 ug/L.

Inorganic Compounds

Metals and Other Trace Constituents

Metals and other trace constituents, such as arsenic and selenium,
typically occur in concentrations of less than 1 mg/L in natural waters.
Some of these constituents, such as iron and manganese, are commonly deter-
mined and are usually present. Other constituents, such as beryllium and
silver, are not commonly determined and, if present, concentrations are
generally below the detection limit of analytical instruments.

Most of the metals and other trace constituents in natural ground water
are leached from the soil or dissolved from the underlying bedrock in minute
quantities by circulating ground water. Some are present in precipitation.
Copper, lead, and zinc may be leached from plumbing systems by acidic ground

water. Copper precipitates are commonly deposited as blue or green stains on
plumbing fixtures.
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The USEPA has set mandatory and recommended limits for some constituents in
drinking water (table 16). Mandatory limits or maximum contaminant levels
(MCLs) are generally set because elevated concentrations of these constituents
may cause health problems. Recommended limits are generally set for aesthic
reasons.

Table 17 is a summary of data on the concentration of metals and other
trace constituents in ground water. Complete chemical analyses are given in
table 30. Metals, except for iron and manganese, and trace constituents are
generally not a water—quality problem in Chester County. Concentrations of
aluminum, arsenic, barium, cadmium, chromium, cobalt, lead, selenium, silver,
and strontium in table 30 represent natural background concentrations.

Data for most metals are difficult to evaluate statistically because
concentrations are often below detection limits. In addition, a constituent
may have several detection limits. For example, detection limits for chro-
mium (table 30) are 1, 2, 3, 10 and 20 ug/L, and some values are reported as
0 or ND (not detected).

The natural background concentration for boron is generally 30 ug/L or
less, and, for lithium, generally 10 ug/L or less (table 30). Water samples
collected from wells near Planebrook in the carbonate rocks of Chester Valley
had boron concentrations as high as 20,000 pg/L and lithium concentrations as
high as 13,000 ug/L. In this area, boron and lithium from processing wastes are
moving through the ground-water system.

Figure 22 shows the locations of six wells and one surface-water site
sampled near Planebrook and concentrations of boron and lithium. Ground
water containing elevated concentrations of boron and lithium is moving
through the Ledger Formation down the hydraulic gradient and along a fault
separating an upfaulted anticlinal block of Chickies quartzite from the
Ledger Formation. The fault dips southeast beneath the Ledger Formation.

The ground water containing elevated concentrations of boron and lithium is
being discharged to Valley Creek near Mill Lane. Water samples from Valley
Creek at Mill Lane (surface-water sampling site 400303075331701) showed boron
and lithium concentrations somewhat less than concentrations in water from
well CH-207. The affected area is narrow and extends approximately 1.5 miles
northeast of the lithium-processing plant.

Monthly base flow water samples from Valley Creek at Mill Lane were ana-
lyzed for dissolved lithium from March to December 1984, and for dissolved
boron from September to December 1984 (table 18). Lithium concentrations
ranged from 330 to 800 ug/L (fig. 23) and were inversely related to discharge
(fig. 24). Concentrations of boron ranged from 90 to 130 ug/L and also were
inversely related to discharge. As discharge decreased, the concentrations
of boron and lithium increased. Concentrations of lithium and boron were
directly proportional (fig. 25).

The ratio of boron to lithium was approximately 1:6.4 in water samples
from Valley Creek at Mill Lane. The ratio was less in ground water and was
directly related to distance from the processing plant. At well CH-207, the
ratio of boron to lithium was 1:4.3; at well CH-2545, the ratio was 1l:2. At
well CH-2535, the ratio was l:1 for one sample and 1:0.7 for two samples.
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Table 16,~~Federal mandatory and recommended limits for selected
constituents in drinking water

[Limits in micrograms per liter except as indicated; mg/L, milligrams per
liter; a dash indicates no limit]

Mandatory limitl/ Recommended
Constituent (Maximum contaminant level) limit2/
Arsenic 50 -
Barium 1,000 -
Cadmium 10 -—
Chloride (mg/L) —— 250
Chromium 50 —-—
Copper - 1,000-
Iron —— 300
Lead 50 -—
Mercury 2 —-—
Nitrate as nitrogen (mg/L) 10 —
Selenium 10 —-—
Silver 50 -
Sulfate (mg/L) - 250
Total dissolved solids (mg/L) —-— 500
Zinc (mg/L) —_— 5

1/ Office of the Federal Register (1983, p. 233)

2/ U.S. Environmental Protection Agency (1977, p. 17146)
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Table 17.—Summary of concentrations of metals and other trace constituents in ground water

[A11 concentrations are in micrograms per liter; a dash indicates no data or no USEPA limit]

Minioum Number of
Number of concentration analyses
Number analyses below above exceeding
of Number upper lowest USEPA maximum
Constit- wells of Detection detection detection Maximum Median contaminant
uent sampled analyses limit limit limit concentration concentration leveLz/
Aluminum 32 40 10-100 35 10 200 1/ _—
Arsenic 107 142 1 40 1 8 1 0
Barium 28 33 10-100 29 13 500 1/ 0
Beryllium 1 4 2-10 4 -— -— —_— =—
Boron 32 39 20 27 20 20,000 1/ —
Cadmium 107 147 1-6 147 1 5 1/ 0
Chromium 107 147 1-20 139 1 50 1/ 0
Cobalt 23 28 2-6 28 2 2 1/ -
Copper 92 122 1-20 84 1 430 11 0
Gallium 1 4 1-3 4 -_— — — -_—
Germanium 1 4 2-6 4 -— -— -— -—
Iron 116 200 3-10 76 3 61,000 16 30
Lead 108 147 1-6 129 1 20 1/ 0
Lithium 38 48 4-10 38 4 13,000 1/ -—
Manganese 115 196 1-10 117 1 3,100 1/ 42
Mercury 107 140 0.1-0.5 138 0.1 2 1 0
Molybdenum 1 4 -_— 0 100 120 » 105 -_—
Nickel 103 142 1-6 126 1 51 1/ ——
Selenium 58 60 1 43 1 4 1/
Silver 22 27 2 27 -_— _— _—
Strontium 4 8 _— 0 40 850 _ _
Titanium 1 4 1-5 4 -— ——— —-— ——
Vanadium 1 4 2-3 3 6 _— —-— —-—
Zinc 89 117 3-20 57 4 1,400 20 0

1/ Median is below upper detection limit.
l/ U.S. Environmental Protection Agency (1977, p. 17146)
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Planebrook, June to September 1984.
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Table 18.--Concentrations of dissolved boron and lithium at Valley Creek
at Mill Lane (site 7 on figure 26)

[A dash indicates no data; ft3/s, cubic feet per second;

ug/L, micrograms per liter]

Date of Discharge Boron Lithium

sample (ft3/s) (ug/L) (ug/L)
10-21-83 - — 830
3-20-84 11 - 380
4-26-84 12 -— 330
5-22-84 8.5 - 350
6-12-84 7.9 - 360
7-17-84 6.9 —-—- 360
8-22-84 3.9 - 500
9-18-84 2.4 90 600
10-11-84 2.9 110 720
11-21-84 2.1 130 800
12-12-84 2.7 120 760
3-13-85 2.4 120 780

LITHIUM CONCENTRATION, IN MICROGRAMS PER LITER
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Figure 23.--Concentration of dissolved lithium in Valley Creek at Mill Lane,

March to December 1984.

58
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Figure 24.--Relation between concentration of dissolved lithium and
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Figure 25.--Relation between concentrations of diSSblved
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Water samples collected from Valley Creek and its tributaries at base flow
from nine sites October 10-12, 1984, and from one additional site on March 13,
1985, were analyzed for dissolved boron and lithium (fig. 26). Stream discharge
and concentrations of boron and lithium are given in table 19. The reach of
Valley Creek from site A2 to just above site A3 generally is a losing reach and
recharges the ground-water system. Some ground water containing boron and
lithium is discharged to Valley Creek in the reach between sites A4 and A5, as
concentrations increased. Most of the ground water containing elevated con-

centrations of boron and lithium was discharged to Valley Creek between sites A6
and A7,
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County
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Base from U.S. Geological Survey Malvern, 1983
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Figure 26.--Sites sampled for dissolved boron and lithium on Valley Creek.
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Table 19.-—Concentrations of dissolved boron and lithium in Valley Creek,
October 10-12, 1984, and March 13, 1985
[ft3/s, cubic feet per second; ug/L, micrograms per liter]

Site Date of Discharge Boron Lithium
Number sample (£t3/s) (ug/L) (ug/L)
Al 10-11-84 0.20 <20 <10
A2 10-11-84 «23 <20 <10
A3 10-11-84 .70 30 10
A4 10-11-84 -89 30 10
A5 10-11-84 .87 40 50
A6 3-13-85 .09 40 <10
A7 10-11-84 2.9 110 720

3-13-85 2.4 120 780
A8 10-12-84 2.9 110 710
A9 10-12-84 4,9 130 300
Al0 10-10-84 5.3 120 260

Out of 140 analyses for mercury in ground water, 138 were below the upper
detection limit of 0.5 ug/L. Two samples contained mercury concentrations of
1.1 and 2.0 ug/L. The USEPA maximum contaminant level is 2 ug/L. These con-
centrations, however, may not represent the actual concentration of mercury in
the ground water. Beginning in 1980, water samples for nutrient analysis were
preserved with mercuric chloride and were collected and shipped in polyethylene
bottles. From 1980-84, samples for analysis for mercury were also collected and
shipped in polyethylene bottles. Mercury can diffuse through polyethylene
(Mahan and Mahan, 1977, p. 662-664), with a resultant loss of mercury from the
water sample. An increase in mercury in a water sample also can occur by con-
tamination from mercuric chloride in nutrient samples previously shipped in the
same container.

Twenty-one percent of the 196 analyses for manganese and 15 percent of
the 200 analyses for iron in ground water exceed the USEPA recommended limits.
These limits (50 ug/L for manganese and 300 ug/L for iron) are set for
aesthetic rather than health reasons, as concentrations of these metals above
the recommended limit may impart a bitter taste to drinking water and stain
plumbing fixtures and laundry. Sources of manganese in ground water include
"minerals in the bedrock, such as biotite and hornblende, and bioaccumulation by
plants. Sources of iron in well water include: (1) minerals in the bedrock
such as pyroxenes, amphiboles, hematite, magnetite, and pyrite; (2) corrosion of
iron well casings; and (3) bacterial activity.

The USEPA has recommended that the concentration of nickel in ground water
not exceed 13.4 ug/L for the protection of human health from the toxic proper-
ties of nickel ingested through water (U.S. Environmental Protection Agency,
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1980, p. 79-337). Five water samples (three percent of samples) contained con-
centrations of nickel greater than 13.4 ug/L; one concentration was 51 ug/L.
Nickel is a common constituent of igneous rocks. Minerals containing nickel,
such as genthite and zaratite, are commonly found in serpentinite; however, none
of the wells with concentrations of nickel greater than 13.4 ug/L were in ser-
pentinite.

Common Ions and Other Determinations

Forty-four wells, previously sampled for laboratory chemical analysis
between 1949 and 1976, were sampled again in 1982-83 to determine if long-
term changes in water chemistry had occurred. Two wells were resampled in
1982 and 42 wells were resampled in 1983. Of the wells that were resampled,
one was first sampled in 1949, four from 1956-57, 11 from 1961-65, and 28
from 1972-76. Six wells were sampled monthly from December 1983 to December
1984 to determine short-term fluctuations in water chemistry and to provide a
basis for determining if observed long-term changes in water chemistry were
actually short—term fluctuations. Results of laboratory analyses for common
ions are given in table 31.

Five wells were sampled monthly for 13 months and one well (CH-2664)
was sampled monthly for 12 months for selected inorganic constituents. The
wells sampled, general land use, and geological setting are given in
table 20. Monthly determinations were made for pH, total dissolved solids,
chloride, and nitrate. The range, mean or median, and standard deviation for
these constituents for each well are given in table 21. Quarterly deter-
minations were made for sodium, sulfate, iron, and manganese. The range and
mean for these constituents for each well are given in table 22. Each of
these constituents are described in the following sections.

Table 20,--Wells sampled monthly and quarterly for selected constituents

Well

number General land use Geologic unit

CH-1231 Rural, agricultural Graphitic gneiss (crystalline)
1565 Rural, residential Lockatong Formation (Triassic)
1973 Rural, residential Elbrook Formation (carbonate)
2491 Urban, commercial Stockton Formation (Triassic)
2542 Urban, residential Elbrook Formation (carbonate)
2664 Urban, commercial Wissahickon Formation,

albite chlorite facies (crystalline)
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Table 21.--Summary of monthly fluctuations in concentrations of selected constituents
in water from six wells, December 1983 to December 1984

[mg/L, milligrams per liter]

Total dissolved

pH (units) solids (mg/L) Chloride (mg/L) Nitrste (mg/L)

Well Standard Standard Standard Standard
number Range Median deviation Range Mean deviation Range Mean deviation Range Mean deviation
CH-1231 6.1-6.6 6.3 0.1 106-142 119 10 1.5-4.2 2.8 0.6 1.0-1.2 1.1 0.1

1565 6.8-7.7 7.4 3 165-256 225 26 4.8-7.4 6.4 .8 1.5-3.6 2.4 .7

1973 6.9-7.4 7.2 o2 288-413 339 39 8.5-11 9.7 .8 1.3-3.0 2.55 .6

2491 5.2-6.0 5.7 .3 180-235 203 18 20-24 22 1 2.6-9.8 6.7 2

2542 7.0-7.6 7.2 o2 299-381 329 29 8.1-10 9.6 .6 0.10-0.23 0.17 .04

2664 5.2-6.2 5.7 .2 107-159 132 17 15-18 17 1 4.8-8.4 6.4 .8

Table 22.--Summary of quarterly fluctuations in concentrations of selected constituents
in water from six wells, December 1983 to December 1984

{mg/L, milligrams per liter; Mg/L, micrograms per liter]

Sodium (mg/L) Sulfate (mg/L) Iron (ug/L) Manganese (ug/L)
Number Number Number Number

Well of of of of

number samples Range  Mean samples Range  Mean samples Range Mean samples Range  Mean

CH-1231 5 6.1-6.2 6.1 5 19-28 23 4 <3-8 - 4 2-6 3.8
1565 5 7.7-16 12 5 27-38 31 4 <3=5 - 4 <1-4 -
1973 5 3.5-5.1 4 5 31-44 39 4 1/ - 4 <10 -
2491 5 23-24 23 5 34-55 45 4 24-1,600 - 4 62-260 128
2542 5 4.3-4.5 4.4 5 63-67 65 4 6-9 8 4 2-3 2.5
2664 4 10-11 11 4 9.8-18 13 5 5-11 9 4 <10-60 -

1/ A1l samples below detection limit. Detection limit varied from <3 to <10.

PR

Water with a pH of 7.0 is considered neutral. A pH below 7.0 indicates
acidic water, and a pH above 7.0 indicates alkaline water. The pH of
distilled water is about 5.6. The range of fluctuation in the pH of water
from six wells sampled monthly was from 0.5 units for wells CH-1231 and
CH-1973 to 1.0 unit for well CH-2664. The median pH fluctuation was 0.7
units. The median is calculated for pH because its distribution is generally
lognormal. Figure 27 shows monthly pH. ’

Data for early (1949-79) and later (1982-83) pH values were available
for 43 wells. The median pH of the early samples was 6.8; the median pH of
the later samples was 6.4. The pH of water from 33 wells decreased, with a
median decrease of 0.4 units. The pH of water from 10 wells increased, with a
median increase of 0.2 units. The median change was a decrease of 0.3 units.
These changes were less than the smallest short-term fluctuation.
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Figure 27 -- Fluctuation of pH in water from six wells sampled monthly
from December 1983 to December [984.

Total dissolved solids

Dissolved constituents are defined as those that can pass through a
filter with a porosity of 0.45 micrometers. The range of fluctuation in total
dissolved-solids concentration of water from six wells sampled monthly was from
36 mg/L for well CH-1231 to 125 mg/L for well CH-1973, with a median fluctuation
of 69 mg/L. Figure 28 shows monthly total dissolved=-solids concentrations.
Expressed as a percentage of the lowest measured value, the change in con-
centration of total dissolved solids ranged from 27 percent for well CH=2542 to
55 percent for well CH-1565, with a median of 39 percent.

The concentration of total dissolved solids correlated well with the
water level in wells CH-1973 (correlation coefficient = -0.86), CH-2664
(correlation coefficient = -0.72), and CH=2542 (correlation coefficient =
0.62). Figure 29 shows the relation of total dissolved-solids concentration
and water level for well CH-1973. The total dissolved-solids concentration
increased as the depth to water decreased for wells CH=-1973 and CH-2664.
Conversely, total dissolved-solids concentration decreased as the depth to
water decreased for well CH-2542,
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Figure 28. -~ Fiuctuation of total dissolved-solids concentration in water from six wells
sampled monthly from December 1983 to December 1984,

Data for early (1949-76) and later (1982-83) total dissolved-solids con-
centration were available for 41 wells. The median total dissolved-solids
concentration for the early samples was 142 mg/L; the median for the later
samples was 206 mg/L. Water from 28 wells increased in total dissolved-
solids concentration, with a median increase of 62 mg/L. Water from 13 wells
decreased in total dissolved solids, with a median decrease of 25 mg/L. The
median change was an increase of 25 mg/L. These changes are less than the
median short-term fluctuation of 74 mg/L.
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Figure 29.--Relation between total dissolved-solids concentration
and depth to water for well CH-1973.
Chloride

Because chloride generally is a nonreactive ion in ground~water systems,
changes in the concentration of chloride reflect changes in input concentration
to the ground-water system. Small concentrations of chloride are leached from
rock materials by circulating ground water. Other sources include precipita-
tion, highway deicing salts, fertilizer, storm runoff, and effluent from sewage
and septic systems. The chloride concentration of 19 precipitation samples from
a collector at Marsh Creek Lake analyzed between June 1979 and July 1985 ranged
from 1.3 to 9.8 mg/L, with an average concentration of 4.4 mg/L.

The range of fluctuation in chloride concentration of water from six
wells sampled monthly was from 1.9 mg/L for well CH-2542 to 4 mg/L for well
CH-2491; the median was 2.7 mg/L. The change in chloride concentration, ex-—
pressed as a percentage of the lowest value measured, ranged from 19 percent
for well CH-2542 to 180 percent for well CH-1231, with a median of 25 percent.
The change in chloride concentration for five of the six wells ranged from 19
to 54 percent. Figure 30 shows monthly chloride concentrations.

Data for early (1949-79) and later (1982-83) chloride concentrations were
available for 42 wells. The median chloride concentration of early samples
was 8.1 mg/L; the median concentration of later samples was 18 mg/L. Water
from 32 wells increased in chloride concentration, with a median increase of
11 mg/L. Water from 10 wells decreased in chloride concentration, with a
median decrease of 7.7 mg/L. The median change was an increase of 4 mg/L.
These changes are greater than the median short-term fluctuation of 2.7 mg/L.
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Changes in chloride concentration were evaluated based on whether an
area where a well was located was sewered or unsewered, and on land use.
When the change in chloride concentration in water from wells in sewered
and unsewered areas was compared, water from wells in sewered areas had a
greater increase. Fifteen wells were in sewered areas. Water from 12 wells
increased in chloride concentration, with a median increase of 14 mg/L.
Water from three wells decreased in chloride concentration. The median change
for wells in sewered areas was an increase of 9.5 mg/L. Twenty-eight wells were
in unsewered areas. Water from 21 wells increased in chloride concentration,
with a median increase of 8.0 mg/L. Water from seven wells decreased in
chloride concentration, with a median decrease of 5.4 mg/L. The median change
for wells in unsewered areas was an increase of 1.9 mg/L. The source of
chloride in ground water in sewered areas probably is salt used for deicing
roads. Sewered areas generally have a denser population and a denser network of
roads than do unsewered areas. Thus, more salt per unit area is used in sewered
areas.
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Figure 30.-- Fluctuation of chloride concentration in water from six wells sampled
monthly from December 1983 to December 1984.
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Water from wells in commercial areas had the greatest increase in
chloride concentration when water from wells in single family residential,
commercial, and agricultural areas were compared. Seven wells were in com-
mercial areas. Water from six wells increased in chloride concentration,
with a median increase of 13 mg/L. Water from one well decreased in chloride
concentration. The median change for commercial areas was an increase of 12
mg/L. Eleven wells were in single family residential areas. Water from eight
wells increased in chloride concentration, with a median increase of 8.9 mg/L.
Water from two wells decreased in chloride concentration. The concentration of
chloride in water from one well remained the same. The median change for wells
in single family residential areas was an increase of 5.0 mg/L. Twenty wells
were in agricultural areas. Water from 15 wells increased in chloride con-
centration, with a median increase of 8.0 mg/L. Water from five wells decreased
in chloride concentration, with a median decrease of 5.4 mg/L. The median
change for wells in agricultural areas was an increase of 2.5 mg/L. The source
of chloride in ground water in commercial areas 1s probably salt used for
melting snow and ice on roadways, parking lots, and sidewalks.

Elevated concentrations of chloride were found in water samples from some
wells in carbonate rock near the intersection of the Pennsylvania Turnpike and
State Route 29 (fig. 31). Well CH-2478 is on a site where highway deicing salt
was stored. Salt leaching into the ground water at this site has caused
chloride concentrations as high as 2,100 mg/L. Chloride concentrations in other
wells are as high as 350 mg/L (table 23). Elevated chloride concentrations in
water from most of these wells probably 1s due to the use of deicing salt on the
Pennsylvania Turnpike. Well CH-2574 is 1.4 miles west of the salt-storage site
and is not downgradient from it; however, the well is adjacent to the
Pennsylvania Turnpike. Water from this well has a chloride concentration of 290
mg/L. Water from wells CH-293 and CH-2671, which penetrate the Chickies
Formation near the Pennsylvania Turnpike, had low chloride concentrations. The
other wells near the turnpike with elevated concentrations of chloride penetrate
carbonate rock.

Nitrate

Nitrate generally is the most prevelent nitrogen species in ground
water. Although small amounts of nitrogen are present in rocks, it is con-
centrated to a greater extent in soll or biological material. Certain spe-
cies of bacteria can extract nitrogen from the air and convert it into
nitrate; other species of bacteria reduce nitrate to nitrogen or ammonia.
Sources of nitrate in ground water include fertilizers, storm runoff, animal
wastes, and effluent from sewage and septic systems.

The range of fluctuation in nitrate concentration in water from six wells
sampled monthly was 0.2 mg/L for well CH-1231 to 7.2 mg/L for well CH-2491;
the median was 1.9 mg/L. The change in concentration expressed as a percent-=
age of the lowest value measured ranged from 20 percent for well CH-1231 to
277 percent for well CH-2491, with a median of 131 percent. Changes greater
than 100 percent occurred for four of the six wells. Figure 32 shows monthly
nitrate concentrations.
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Figure 31.--Chloride concentration in ground water near the Pennsylvania Turnpike and
State Route 29.
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Table 23.--Chloride concentrations in ground water near the
Pennsylvania Turnpike and State Route 29
Site locations are shown on figure 31

[A dash indicates no data; R is reported value from
Mooreshead=Siddiqui and Associates (1982); MG/L,
milligrams per liter; US/CM, microsiemens per centimeter
at 25 degrees Celcius]

SOLIDS,
CHLO- RESIDUE SPE-
RIDE, AT 180 CIFIC

DATE DIS- DEG. C CON-
OF SOLVED DIS- DUCT-

SITE SAMPLE (MG/L  SOLVED ANCE

AS CL) (MG/L) (US/CM)

CH-251 R 81-12-01 166 548 -
293 R 81-12-01 24 138 -
2478 82-08-03 1800 4050 6000
83-07-07 2100 4370 5600

2549 85-04-30 34 328 430
2556 84-10-31 350 - 1340
2558 84-10-31 160 - 875
2559 R 81-12-21 298 - -
2560 R 81-12-21 109 - -
2562 85-03-28 - - 510
2563 84-10-31 200 - 840
2574 85-03-28 290 672 <1000
2606 85-04-30 19 219 360
2671 85-03-28 2.1 73 124
CEDAR HOLLOW QUARRY 85-04-29 11 211 252

SOUTH
CEDAR HOLLOW QUARRY 85-04-29 37 331 525
NORTH
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Changes in laboratory analytical methods and sample collection and
preservation techniques make comparison of nitrate data from different time
periods difficult. Using only nitrate data collected and analyzed by the
U.S. Geological Survey after July 1971 (Peters and others, 1982, p. 7), com~
parable data for 21 wells were available. Water from 15 wells increased in
nitrate concentration, with a median increase of 0.9 mg/L; water from six
wells decreased in nitrate concentration, with a median decrease of 0.25
mg/L. Nitrate concentrations for early (1974-76) samples ranged from 0.18 to
11 mg/L, with a median of 2.4 mg/L. The range for later (1982-83) samples was
greater, 0,42 to 19 mg/L; however, the median, 2.2 mg/L, was lower. The
median change in nitrate concentration was an increase of 0.8 mg/L. These
changes are less than the short—term median fluctuation of 1.9 mg/L.

10 T T T T | T I T &I T T T
@ /\
E CH-2491 /
= A \
2 |7
=
)
d el
s
z CH-2664 \( \ ! \ / \\ ,
" \ ! \ /
S | \
o | ¥ _
< CH-1565 \
.
Z
w
S
z CH-1973
O o -
w
> _ CH-1231 Y~
o - * ——— et - o v —
= CH-2542
Lot et e e,
D J F M A M J J A S O N D
1983 1984

Figure 32.--Fluctuation of nitrate concentration in water from six wells sampled
monthly from December 1983 to December 1984.
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Sodium

The primary source of sodium in native ground water is from dissolution
of igneous and sedimentary rocks, where it is abundant. Another source of
sodium is highway deicing salt. Sodium is very soluble and tends to remain
in solution. Sodium, however, can be retained by adsorption on minerals with
high cation exchange capacities such as clays.

Water samples from six wells were analyzed quarterly for sodium (fig. 33).
The range and mean values for sodium concentration are given in table 22.
Sodium concentration generally fluctuated within a narrow range, from 0.1
mg/L for well Ch-1231 to 1.6 mg/L for well CH-1973. However, the concen-
tration of sodium in water from well CH-1565 had an 8.3 mg/L range of fluc-
tuation. The median fluctuation for the six wells was 1.0 mg/L. Expressed
as a percentage of the lowest measured value, the change in sodium concen-
tration ranged from 0.2 percent for well CH-1231 to 108 percent for well
CH-1565, with a median of 7.4 percent. The change was 10 percent or less for
four of the six wells.

25
* ——— CH-2491 N R
20—
CH-1565 °
15—

CH-2664 "
10—

~ . CH-1231 .
5l &0 R CH-2542 .
- \ f *> —

- CH-1973

SODIUM CONCENTRATION, IN MILLIGRAMS PER LITER

1983 1984
Figure 33.--Fluctuation of sodium concentration in water from six wells sampled
quarterly from December 1983 to December 1984.

Data for early (1949-76) and later (1982-83) sodium concentrations were
available for 33 wells. The median concentration for early samples was 6.4
mg/L; the median concentration for later samples was 9.7 mg/L. Water from 26
wells increased in sodium concentration, with a median increase of 2.4 mg/L.
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Water from seven wells decreased in sodium concentration, with a median
decrease of 5 mg/L. The median change was an increase in sodium concentration
of 1.9 mg/L. These changes are greater than the short-term fluctuation of 1.0
mg/L.

Changes in sodium concentration were evaluated based on whether an area
where a well was located was sewered or unsewered, and on land use. As with
chloride, the greatest increase in the sodium concentration was in water from
wells in sewered areas. Seven wells were in sewered areas. Water from six
wells increased in sodium concentration, with a median increase of 2.7 mg/L.

The median change for wells in sewered areas was an increase of 2.3 mg/L.
Twenty=-six wells were in unsewered areas. Water from 21 wells increased in
sodium concentration, with a median increase of 2.0 mg/L. Water from five wells
decreased in sodium concentration, with a median decrease of 0.9 mg/L. The
median change for wells in unsewered areas was an increase of 1.3 mg/L.

As with chloride, the greatest increase in the concentration of sodium was
in water from wells in commercial areas. Sodium concentrations in water from
wells in commercial, single family residential, and agricultural areas were com—
pared. Six wells were in commercial areas. Water from four wells increased in
sodium concentration, whereas water from two wells decreased in sodium con-
centration. The median change for wells in commercial areas was an increase of
30 mg/L. Water from all eight wells in single family residential areas
increased in sodium concentration, with a median increase of 1.2 mg/L. Eighteen
wells were in agricultural areas. Water from 15 wells increased in sodium con-
centration, with a median increase of 2.1 mg/L. Water from three wells
decreased in sodium concentration. The median change for wells in agricultural
areas was an increase of 2.0 mg/L.

Long-term increases in both sodium and chloride concentrations in ground
water were greater than short-term fluctuations, indicating that the source
of these constituents probably is deicing salt (sodium chloride). The change
in sodium concentration correlated well with the change in chloride con-
centration (correlation coefficient = 0.76). Greater increases in both
sodium and chloride concentrations occurred in sewered areas where population
density generally is greater than in unsewered areas. Greater increases in
both sodium and chloride concentrations also occurred in commercial areas,
where the area of paved surfaces generally is greater than in residential or
agricultural areas.

Sulfate

Sulfur is not abundant in the earth's crust, but is widely distributed in
both igneous and sedimentary rocks as metallic sulfides such as pyrite (FeSj),

and in sedimentary rocks as gypsum (CaSO4- 2H20) anhydrite (CaSO4). Sulfate
(S04) is a common constitutent of ground water.

Water samples from six wells were analyzed quarterly for sulfate
(fig. 34). The range and mean values for sulfate concentrations are given in
table 22. The range of fluctuation in sulfate concentration was from 4 mg/L
for well CH-2542 to 21 mg/L for well CH-2491, with a median fluctuation of 10
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mg/L. Expressed as a percentage of the lowest measured value, the change in
sulfate concentration ranged from six percent for well CH-2542 to 135 percent
for well CH-2664, with a median of 45 percent.

Data for early (1949-76) and later (1982-83) sulfate concentrations were
available for 41 wells. The median sulfate concentration for both the early
and the later samples was 22 mg/L. Water from 26 wells increased in sulfate
concentration, with a median increase of 7.5 mg/L. Water from 14 wells
decreased in sulfate concentration, with a median decrease of 8 mg/L. The
sulfate concentration in water from one well remained the same. The median
change was an increase in sulfate concentration of 2.7. mg/L. These changes are
less than the median short-term fluctuation of 10 mg/L.
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Figure 34.--Fluctuation of sulfate concentration in water from six wells sampled
quarterly from December 1983 to December 1984.
74



Radionuclides

Even though they are naturally occurring, radionuclides in ground water
may present a potential health problem. Preliminary sampling of wells in the
Chickies Formation has shown elevated concentrations of radium—-226,
radium—-228, and alpha particle activity. The USEPA has set a maximum con-
taminant level of 5 pCi/L (picocuries per liter) for radium (combined radium-226
and radium—228) and 15 pCi/L for gross alpha activity (Code of Federal
Regulations, 1983, p. 236). Two wells in the Chickies Formation were sampled
for radionuclides. Water from well CH-2197 had a radium—226 concentration of
1.8 pCi/L, a radium—228 concentration of 13 pCi/L, and a gross alpha activity of
7.2 pCi/L. The gross beta activity was 15 and 13 pCi/L for gross beta activity
as cesium-137 and yttrium—90, respectively. Water from well CH-2436 had a
radium—226 concentration of 5.4 pCi/L, a radium=-228 concentration of 9 pCi/L,
and a gross alpha activity of 7.6 pCi/L. The gross beta activity was 24 and 20
pCi/L for gross beta activity as cesium—137 and yttrium—90, respectively.

Four water samples from three wells in the Chickies Formation in other
parts of Chester County not included in this study were analyzed for
radionuclides. The concentration of radium—226 ranged from 0.7 to 11 pCi/L,
the concentration of radium—228 ranged from 6 to 76 pCi/L, and the gross
alpha activity ranged from 1 to 55 pCi/L. Gross beta activity as cesium-137
ranged from 5.5 to 120 pCi/L, and as yttrium-90 ranged from 5 to 100 pCi/L.

Radioactivity is the release of energy and energetic particles by changes
in the atomic structure of certain unstable elements as they break down to
form more stable arrangements. Radioactive energy is released as: (1) alpha
radiation consisting of positively charged helium nuclei; (2) beta radiation
consisting of electrons or positrons; and (3) gamma radiation, which is
electromagnetic waves (Hem, 1985, p. 146-151).

Radioactivity in water is produced by dissolved constituents, mostly caused
by the decay of uranium—238 and thorium—232. They decay in steps, forming a
series of radionuclide daughter products until a stable lead isotope is pro-
duced. Uranium=-238 produces the greatest part of radioactivity in natural
water. Alpha-emitting constituents in water are mainly isotopes of radium and
radon, which are members of the uranium and thorium decay series. Beta
emissions are also given off by members of these series.

Radium=226 and radium=-228 are the principle radium isotope decay pro-
ducts. Radium—226 is an alpha emitter; radium=-228 is a beta emitter.
Radium=-226 decays to produce radon-222, a gas that is soluble in water.
Radon-222 subsequently decays through a series of short-lived daughter products
to the stable isotope lead-206. Radium~228 decays to the stable isotope
lead—-208.
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EFFECT OF URBANIZATION ON SURFACE-WATER QUALITY

Organochlorine Insecticides and PCB in
Stream~Bottom Material

One of the greatest effects of human activity on the surface-water system
has been the accumulation of organic compounds, particularly pesticides and PCB,
in stream-bottom material. Organic molecules are generally hydrophobic and are
adsorbed onto sediment and deposited in stream channels. Persistent compounds,
such as DDT or PCBs, may remain in the sediment for years.

Bottom material from eight streams (fig. 35) was analyzed for organo-
chlorine insecticides and PCB in 1978~79 and 1985 (table 24). PCB, DDE, and
dieldrin were found in the bottom materials of all of the streams sampled.
Chlorodane was found in the bottom material of all the streams sampled except
Pickering Creek. Lindane was found in bottom material from only Ridley and
Chester Creeks. The higher concentration of lindane in bottom material from
Chester Creek may be the result of use of this insecticide by the mushroom
industry, which was prevelant in the Chester Creek basin. Aldrin, methoxychlor,
and toxaphene were not detected in any of the stream sediments sampled.

Metals and Other Trace Constituents

Twenty-nine surface-water sites were sampled annually at base flow for
dissolved metals and other trace constituents from 1973-84 (fig. 36). Site
numbers are those used by Lium (1976 and 1977) and Moore (1987). Data for
dissolved aluminum, arsenic, cadmium, chromium, cobalt, copper, iromn, lead,
manganese, mercury, nickel, and zinc are presented for 1973-83 in the U.,S.
Geological Survey Water Resources Data reports for Pennsylvania for 1974-84
(U.S. Geological Survey, 1974-84). Metals and other trace constituents were
generally not a water—quality problem except for iron and manganese in some
streams. However, lead concentrations exceeded 50 ug/L in three samples from
site Bl6 on French Creek, and in one sample each from sites B3, B6, and B21l.
Mercury concentrations exceeded 0.2 ug/L in one sample each from sites Bl16, B24,
and B25. The mercury concentration at site B25 on Goose Creek, a tributary to
East Branch Chester Creek below two sewage treatment plants, was 83 ug/L on
October 10, 198l1. The concentration of nickel exceeded 13.4 ug/L in one sample
from site B22,
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Figure 35.--Sampling sites for organochlorine insecticides and PCB in stream-bottom material.
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Table 24.-- Chemical analyses of stream-bottom material for organochlorine insecticides and PCB from selected streams

[Results are in micrograms per kilogram; a dash indicates no data]

CHLOR~
ALDRIN,  DANE, DD, DDE,
TOTAL TOTAL TOTAL TOTAL
DATE IN BOT- IN BOT- 1IN BOT- IN BOT~
OF TOM MA- TOM MA- TOM MA- TOM MA-
STATION NUMBER STATION NAME (BIOLOGICAL SAMPLING SITE) SAMPLE TERIAL TERIAL TERIAL TERIAL
01472080 PIGEON CREEK NEAR PARKER FORD (Bl10) 10-11-85 <.1 £1.0 <1 .1
01472100 PIGEON CREEK AT PARKER FORD 11-16-79 .0 4,0 o4 .5
01472140 S BR FRENCH CR AT COVENTRYVILLE (B12) 10-10-85 .1 1.0 .3 oh
01472154 FRENCH CREEK NEAR PUGHTOWN (B14) 10-11-85 <.1 6.0 <.1 6
400802075323100 FRENCH CR AT NUTT RD NR PHOENIXVILLE 12-06-7% .0 1.0 .0 .0
01472161 FRENCH CR AT MAIN ST. BRDG. AT PHOENIXVILLE 12-06-79 .0 61 2.8 3.0
014721612 FRENCH CREEK AT RR BRIDGE AT PHOENIXVILLE (B16) 10-09-85 <.1 5.0 <ol <.1
014721884 PICKERING CR AT CHLSTWN RD BR. AT CHLSTWN (B&4) 10-07-85 .1 1.0 .1 -
400332075321500 VALLEY CR NR DEVAULT 11-13-79 .0 9.0 1.3 5.1
01473168 VALLEY CREEK NR VALLEY FORGE 10-09-85 <.l 5.0 1.7 1.7
01473180 VALLEY CR AT VALLEY FORGE (B50) 12-28-78 .0 2.0 .0 .0
11-13-79 .0 2,0 .0 1.1
400622075242800 TROUT CR NR VALLEY FORGE 11-15-79 0 3 .0 4.7
01476430 RIDLEY CREEK AT GOSHENVILLE (B20) 10-15-85  <.1 7.0 .6 .6
01476835 EAST BRANCH CHESTER CR AT WESTTOWN SCHOOL (B24) 10-16-85 .1 7.0 <.1 .3
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Figure 36.--Chemical and biological surface-water-sampling sites.
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DI- HEPTA-  HEPTA-~ METH- TOXA~

DDT, ELDRIN, ENDRIN, CHLOR, CHLOR  LINDANE OXY- PHENE,  PCB,
TOTAL  TOTAL  TOTAL  TOTAL  EPOXIDE TOTAL CHLOR, TOTAL  TOTAL

IN BOT- 1IN BOT- IN BOT~ IN BOT- TOT. IN 1IN BOT- TOT. IN IN BOT- IN BOT- DATE
TOM MA~ TOM MA- TOM MA~ TOM MA~ BOTTOM TOM MA- BOTTOM TOM MA- TOM MA- OF
TERIAL TERIAL TERIAL TERIAL MATL.  TERIAL  MATL.  TERIAL TERIAL STATION NUMBER SAMPLE
<1 a8t <l <1 <1 & 1 <10 < 01472080 10-11-85
.0 1.1 .0 .0 .0 .0 .0 .00 3 01472100 11-16-79
4 4.8 .1 '8! 4 &1 <1 <10 a 01472140 10-10-85
<1 .1 &l &1 .1 <1 &1 <10 12 01472154 10-11-85
.0 .9 .0 .0 .0 .0 .0 .00 10 400802075323100 12-06-79
3.2 3.5 .0 .0 .0 .0 .0 .00 68 01472161 12-06-79
1 .2 &1 <1 .1 &1 <1 <10 5 014721612 10-09-85
<1 .1 <1 <1 <t <l <1 <10 9 014721884 10-07-85
1.0 1.3 .0 .0 .0 .0 .0 .00 47 400332075321500 11-13-79
3.2 .1 <l .1 .1 <1 <1 <10 18 01473168 10-09-85
1.2 1.8 .0 .0 .0 .0 -- .00 8 01473180 12-28-78
2.2 .7 .0 .0 .0 .0 .0 .00 110 11-13-79
7.5 3.0 .0 .0 1.1 .0 .0 .00 100 400622075242800 11-15-79
&1 .3 & &1 b .1 &1 <10 5 01476430 10~15-85

<1 .1 <.1 <.1 o1 b <1 <10 2 01476835 10-16-85

Inorganic Constituents

Discharge from sewage-treatment plants generally has a greater effect
on surface~water quality than does land use. Four surface-water sites on
Goose Creek were sampled at base flow (fig. 37) on October 22, 1982. Site Sl
drains a highly urbanized residential and industrial area. Site S2 drains an
area of single-family dwellings, open space, and an area used for mushroom
growing and composting mushroom-growing medium. Site S3 drains a residential
and agricultural area. Surface-water—sampling site 01476840 receives inflow
from these three tributaries and adjoining areas and is below two sewage
treatment plants. 4

Water quality among sites Sl, S2, and S3 is similar except for the con-
centrations of dissolved nitrogen and organic nitrogen, which are higher at
site S2 (table 25), probably as the result of heavy use of manure in mushroom-
growing media. Site S3 has a lower concentration of total dissolved solids,
chloride, sodium, and sulfate.

The difference in water quality between sites S1, S2, and S3 and site
01476840 is substantial and is due to discharge from the sewage treatment
plants. Water sampled at site 01476840 had substantially higher concen-
trations of ammonia, nitrogen, phosphorous, orthophosphorous, total dissolved
solids, chloride, sulfate, sodium, and potassium.
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Figure 37.--Surface-water sites sampled on Goose Creek, October 22, 1982.
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EFFECT OF URBANIZATION ON BENTHIC-INVERTEBRATE INDICES

Moore (1987) evaluated trends in diversity index of stream benthic inver-
tebrates for 46 sites in Chester County. Twenty-five of those sites are in
eastern Chester County (fig. 36). Benthic invertebrates are organisms inhabit-—
ing the bottoms of streams, such as aquatic insects, crustaceans, snails,
clams, and worms. Common examples are crayfish, dragonfly nymphs, and cad-
disfly larvae. The relevant quantitative information about a benthic inver-
tebrate or other biological community consists of: (1) the number of different
kinds of organisms (taxa), and (2) their relative abundances. These two proper-
ties are commonly summed up in a descriptive statistic called a diversity index.
Of the many measures of diversity that have been proposed, Brillouin's diversity
index (Brillouin, 1962), which is based on information theory, has been adopted
for use by the U.S. Geological Survey (Slack, J. R., U.S. Geological Survey,
written commun., 1985).

Moore (1987) calculated Brillouin's diversity index for each site and
used a modified form of the seasonal Kendall test (Hirsh and others, 1982) to
test for trend. The seasonal Kendall test is a nonparametric, distribution-
free statistical test for monotonic trend with time. Moore applied a second
statistical technique, the Kendall slope estimator (Thiel, 1950; Sen, 1980),
to estimate the direction and magnitude of trends. The Kendall slope estima-
tor is an unbiased estimator of the slope of linear trends. Moore found that
diversity index exhibited an upward trend at 44 sites and a downward trend at
2 sites. The upward trend was statistically significant at 27 sites.

For this study, trends in diversity index and changes in land use were
compared. Diversity indices for 1970-80 were obtained from Moore (1987).
Additional diversity indices for 1981-84 were provided by Moore (U.S.
Geological Survey, written commun., 1985). Land-use changes in 10 selected
subbasins were quantified. Land use was lumped into two categories: (1)
agricultural and undeveloped, which included row crops, pasture, orchards,
forests, parks, open space, and lakes; and (2) residential and commercial,
which included single and multiple residential housing, trailer parks, com—
mercial areas, and industrial areas. Land use was determined from aerial
photographs for 1968 and 1980. Land use was transferred to topographic maps
and planimetered to determine the area of each land use. The percentage of
each type of land use in each subbasin was calculated. Changes in land use
from agricultural and undeveloped to residential and commercial in the 10
subbasins ranged from O to 37.3 percent (table 26). Site numbers are the
same as those used by Moore (1987) and are shown on figure 36. Diversity
index and the Kendall slope estimator were plotted for four sites with dif-
ferent percentage changes in land use: site Bl (no-change), site B20 (10.5
percent change), site B50 (23 percent change), and site B24 (37.3 percent
change). The Kendall slope estimators (fig. 38) show that diversity index
increased at all four sites; however, the slope is greater for sites with a
greater percentage of land—use change. For all 10 subbasins, the percentage
of change in land-use correlated well with the slope of the Kendall slope
estimator (correlation coefficient = 0.72) and is statistically significant
at the 98 percent level of confidence.
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Generally, the greater the change in land use, the steeper the Kendall
slope estimator and the greater the rate of increase in the diversity index.
Sites with greater changes in land use generally had a lower diversity index
in the early 1970's (f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>